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CATHETER WITH GUIDED,
TRANSLATABLE CUTTER FOR ACTIVE

SLICING/SCORING AND RELATED
METHODS

INCORPORAITION BY REFERENCE

All publications and patent applications mentioned 1n this
specification are herein incorporated by reference to the
same extent as 1f each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

TECHNICAL FIELD

This disclosure pertains to devices for providing endo-
vascular treatment and, in particular, a catheter with one or
more guided, translatable cutters for actively slicing or
scoring a lesion or like obstruction in the vasculature.

BACKGROUND

Balloon dilatation catheters are used to treat lesions in
vessels, such as by way of angioplasty. While successtul for
use 1n a variety of applications or locations in the vascula-
ture, some situations call for a different approach in view of
the possibility of “elastic recoil,” which refers to the inherent
resistance of a tissue to changes 1n shape, and the tendency
of the tissue to revert to 1ts original shape once deformed.
Furthermore, some applications, and particularly those
“below the knee” (B1TK) involve hard calcifications, for
which balloon angioplasty alone may be contraindicated.
Moreover, the use of pharmacological agents to lesions for
enhanced treatment may be desirable 1n some 1nstances, and
ellicacy may be increased by actively scoring or slicing prior
to application.

A desire also exists for active slicing or scoring of lesions.
In this regard, others have proposed a scoring element
connected to a wire that may be moved to and fro relative to
a balloon prior to being expanded (see, e.g., U.S. Patent
Application Publication No. 2016/0249942). However, this
proposal fails to provide active guidance for the scoring
clement, which 1s free to move laterally along the balloon
and thus may not be useful for slicing or scoring a lesion. It
1s also complicated by the requirement for multiple catheter
tubes: one for the balloon, and another for the scoring
clement(s), which leads to added cost and complexaty.

Accordingly, 1t would be desirable to provide a simple, yet
ellecting slicing or scoring catheter for treating lesions. Such
a catheter would be readily useful 1n a variety of locations
in the vasculature, including where particularly hard calci-
fications might be present, and conditions dictate a more
reliable and effective approach than known proposals for
slicing/scoring catheters.

SUMMARY

An object of the mvention i1s to provide a catheter for
actively slicing/scoring a plaque, lesion, or other obstruction
that addresses and overcomes the foregoing limitations, and
possibly others that have yet to be discovered.

According to one aspect of the disclosure, a catheter for
scoring or slicing a lesion i a vessel 1s provided. The
catheter includes a catheter shaft including a first receiver
adjacent a distal end of an expandable portion of the catheter
shaft. A first carrier 1s positioned at least partially within the
first receiver and moveable axially to deploy a first cutter
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2

along the expandable portion (which may be axially aligned
with the catheter or offset from a longitudinal axis thereof in
all embodiments) for cutting or scoring the lesion.

In one embodiment, a first radiopaque marker 1s provided
distal of the expandable portion for marking a distal non-
deployed position of the first cutter. The catheter may further
include a second receiver proximal of the expandable por-
tion for receiving the first cutter 1n a proximal non-deployed
position. A second radiopaque marker proximal of the
expandable portion may also be provided for marking a
non-deployed proximal position of the first cutter.

In one embodiment, the first carrier includes a loop distal
of the expandable portion, and a second cutter 1s provided
proximal to the expandable portion for moving distally
along the expandable portion when the first cutter 1s moved
to a deployed position. A second recerver may be provided
proximal of the expandable portion for receiving the second
cutter 1n a non-deployed proximal position.

In another embodiment, a second carrier 1s at least par-
tially received by the first receiver, the second carrier
moveable axially along the catheter shait to deploy a second
cutter attached to the second carrier along the expandable
portion for cutting or scoring the lesion. A second recerver
may be provided proximal of the expandable portion for
receiving the first cutter in a proximal non-deployed posi-
tion. The catheter may further include a pull at a proximal
end of the catheter shaft connected to the first carrier and the
second carrier.

In yet another embodiment, a plurality of second carriers
are provided at least partially within the first receiver. Each
of the plurality of second carriers 1s moveable axially along
the catheter shait. This movement serves to deploy a second
cutter attached to each of the second carriers along the
expandable portion for cutting or scoring the lesion. A
second receiver may be provided proximal of the expand-
able portion for receiving each of the second cutters in a
proximal non-deployed position, along with a pull at a
proximal end of the catheter shaft connected to the first
carrier and the plurality of second carriers.

The expandable portion may comprise an intlatable bal-
loon supported by the shaft. In such case, the shait may
further include an inflation lumen for supplying fluid to the
inflatable balloon. The expandable portion may comprise an
expandable frame, such as made of one or more wires.

The first receiver may comprise a sheath connected to the
catheter shaft for receiving and at least partially covering a
portion of the first carner including the first cutter. The
catheter shaft and sheath may each include a guidewire
lumen. In any of the foregoing embodiments, the first carrier
may comprise a wire.

According to a further aspect of the disclosure, a catheter
for scoring or slicing a lesion 1n a vessel comprises a catheter
shaft having an expandable portion and a first carrier extend-
ing along the expandable portion. The first carrier includes
a first cutter adjacent a proximal end of the expandable
portion and a second cutter adjacent to a distal end of the
expandable portion. The first carrier 1s adapted for moving
the first cutter along the expandable portion toward the distal
end while moving the second cutter along the expandable
portion toward the proximal end.

The first carrier may comprise a wire having a loop. The
loop may be distal of the expandable portion. A first receiver
may be provided for receiving the first cutter at a proximal
end of the expandable portion and a second receiver may be
provided for recerving the second cutter at a distal end of the
expandable portion. A first radiopaque marker may be pro-
vided proximal of the expandable portion for marking a
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non-deployed proximal position of the first cutter and a
second radiopaque marker may be provided distal of the
expandable portion for making a non-deployed distal portion
of the second cutter.

According to a further aspect of the disclosure, a catheter
for scoring or slicing a lesion 1n a vessel comprises a catheter
shaft including a first receiver at a distal end of an expand-
able portion of the catheter shaft. A first cutter lies at least
partially within the first recerver. The first cutter 1s moveable
axially along the catheter shaft to a deployed position along
the expandable portion for cutting or scoring the lesion.

In one embodiment, the catheter further includes a carrier
connected to the first cutter. The carrier may comprise a wire
having a first portion received within a second receiver
proximal of the expandable portion of the catheter shatt and
a second portion recerved within the first receiver. The wire
may have a loop forming a first length attached to the first
cutter and a second length attached to a second cutter. The
catheter shaft may include a second receiver proximal of the
expandable portion for receiving the second cutter 1n a
non-deployed condition.

Still a further aspect of the disclosure relates to a method
of scoring or slicing a lesion i a vessel. The method
comprises providing a catheter shaft, including an expand-
able portion and a carrier including a first cutter. While the
expandable portion 1s expanded, the method further com-
prises moving the carrier axially along a longitudinal axis of
the catheter shaft between a first position wherein the first
cutter does not perform a cutting or scoring function and a
second position wherein the first cutter performs a cutting or
scoring function.

In one version of the method, the moving step comprises
pulling the carrier connected to the first cutter. The carrier
may comprise a wire, and the step of moving the carrier
axially may comprise pulling a first portion of the wire
proximally while a second portion of the wire including a
second cutter 1s moved distally. The catheter may include a
plurality of carriers, each including at least one cutter, and
the moving step comprises moving each wire simultane-
ously. The moving of one or more of the cutters may
comprise pulling the catheter proximally with the cutter(s) 1n
a deployed position.

Yet a turther aspect of the disclosure relates to a method
of scoring or slicing a lesion in a vessel. The method
comprises slicing or scoring the lesion by moving a plurality
of cutters 1n a reciprocal manner along an expanded portion
of a catheter. The plurality of cutters may be connected to a
wire, and the step of slicing or scoring the lesion may
comprise pulling a first portion of the wire proximally while
a second portion of the wire including a second cutter moves
distally. The method may include the step of moving the
catheter proximally with the cutters 1s a deployed position.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The above and further advantages of the invention accord-
ing to the disclosure may be better understood by referring
to the following description in conjunction with the accom-
panying drawings in which:

FIG. 1 1s a side view of a catheter for actively scoring or
slicing a lesion;

FI1G. 2 1s an enlarged, cutaway side view of an expandable
portion of the catheter;

FIG. 3 1s an enlarged, cutaway perspective view ol an
expandable portion of the catheter;
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FIGS. 3A and 3B are cutaway bottom views of portions
of a proximal end of the scoring or slicing catheter of FIG.

1, with the cutters 1n a non-deployed proximal position;

FIGS. 3C and 3D are cutaway bottom views of portions
of a proximal end of the scoring or slicing catheter of FIG.
1, with the cutters 1n a non-deployed distal position;

FIG. 4 1s a cutaway side view of a distal portion of the
catheter of FIG. 1;

FIG. 5 1s a cutaway side view of a proximal end of the
catheter;

FIG. 5A 1s an enlarged, cutaway side view of the proximal
end of the catheter;

FIG. SB 1s an end view of a portion of the catheter;

FIG. 6 1s a cross-sectional view along line 6-6 of FIG. 1;

FIG. 7 1s a cutaway perspective view of a portion of the
proximal end of the catheter of FIG. 1;

FIG. 8 1s another cutaway perspective view of a portion
of the proximal end of the catheter of FIG. 1;

FIGS. 9, 10, and 11 are full side and cutaway views
showing one possible actuation sequence for the active
slicing or scoring catheter;

FIGS. 12 and 13 are perspective cutaway views ol a
second embodiment of an active scoring or slicing catheter;

FIGS. 14 and 15 are cutaway perspective views of the
embodiment of FIGS. 12 and 13;

FIG. 16 1s a cross-sectional view of a portion of the
catheter of the second embodiment:

FIGS. 17, 18, and 19 are full side and cutaway views
showing one possible actuation sequence for the active
slicing or scoring catheter of FIGS. 12 and 13;

FIG. 20 1s an alternate embodiment of a catheter including,
an expandable portion in the form of a wire frame;

FIGS. 21-23 relate to a further alternate embodiment of a
catheter including an expandable portion.

The drawings are not necessarily drawn proportionally or
to scale. For example, the dimensions of some of the
clements may be exaggerated relative to other elements for
clanity or several physical components may be included 1n
one functional block or element. Further, sometimes refer-
ence numerals may be repeated among the drawings to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth to provide a thorough understanding of
the disclosed concepts. Those of ordinary skill 1n the art wall
know that the disclosed inventions may be practiced without
these specific details. In other instances, well-known meth-
ods, procedures, components, or structures may not have
been described 1n detail so as not to obscure the disclosed
iventions.

The description provided below and in regard to the
figures applies to all embodiments unless noted otherwise,
and features common to each embodiment are similarly
shown and numbered.

Referring first to FIGS. 1 and 2, a first embodiment of a
slicing/scoring catheter 10 according to the disclosure 1s
illustrated. The catheter 10 includes an elongated body or
shaft 12 having a proximal end 12a and a distal end 125,
which may include a tip 14. While elongated along a
longitudinal axis X and in a corresponding longitudinal
direction, the shait 12 is 1llustrated 1n a compact form simply
for ease of illustration, and would normally have a consid-
erable length (e.g., 100-200 centimeters, or otherwise suit-
able to allow the distal end 1256 to reach a treatment area of
interest 1 the vasculature while the proximal end 12a
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remains accessible external to the vasculature). As perhaps
best understood from FIG. 2, the shait 12 may also include
a lumen 16 for receiving a guidewire 18, which may be used
to guide the catheter 10 to a location in the vasculature for
providing a treatment.

In order to provide a slicing or cutting function 1 an

eflective and reliable manner, and with added reterence to
FIGS. 3 and 3A-3D, the catheter 10 may include a portion
that may be selectively expanded once located at or adjacent
to an area 1n need of treatment. In the illustrated embodi-
ment, this expandable portion comprises an inflatable bal-
loon 20 associated with one or more selectively deployable
cutters 22 associated with a carrier, such as a wire 24. While
only one cutter 22/wire 24 combination may be provided 1n
a simple form of the invention, a plurality (four) are pro-
vided 1n the illustrated embodiment (see FIG. 5). Conse-
quently, cutting or scoring of a lesion may occur on all sides
of the catheter 10. Also, while only one cutter 22 1s shown
on each carrier (wire 24) more than one may be provided
(such as spaced along the longitudinal axis X).

With continued reference to FIGS. 3B and 3D, 1t can be
understood that each cutter 22 includes an upstanding blade
22a connected to a base 22b. The base 225 1s 1n turn attached
to the carrier, such as wire 24 (such as by welding, inter-
ference {it, etc.), adapted to translate to and fro along the
longitudinal axis X along a portion of the shaft 12. This
includes moving over and along the expandable portion 1n
an expanded condition (which, 1n the case of balloon 20,
may be selectively caused by an inflation fluid, as described
turther below) to score or slice an adjacent or surrounding
lesion due to the increased diameter provided. FIG. 3D
shows the cutters 22 1n a nominal, non-deployed position at
the distal end of the expandable portion (balloon 20),
whereas, FIG. 3B shows the same cutters 22' once translated
to a non-deployed proximal position, such as after perform-
ing a scoring or slicing function.

In any case, the carriers or wires 24 may pass along and
partly through the catheter 10 from the proximal end 12a to
the distal end 125 of the shaft 12. This movement provides
the desired relative translating movement to deploy the
attached cutters 22 for scoring or slicing a lesion when the
expandable portion or balloon 20 1s expanded. As perhaps
best understood from FIGS. 3 and 3A-3D, the catheter shaft
12 includes a receiver for recerving a distal portion of each
wire 24 and the associated cutter 22 proximal thereof in a
non-deployed position, distal of the expandable portion
(balloon 20). As indicated in FIG. 3C, this receiver may
comprise a sheath 26 forming part of the shait 12 distal of
the expandable portion, or balloon 20, which sheath serves
to recerve and cover a distal end 245 of each wire 24 and the
associated cutter 22 1n a non-deployed condition.

As perhaps best understood from FIGS. 3C and 4, a
proximal portion of the sheath 26 adjacent to the expandable
portion (balloon 20) may have open-ended passages 264 for
receiving the cutters 22 1n a non-deployed distal position and
the distal ends 246 of the wires 24 (which distal ends are
distal of the cutters 22, and thus remain enclosed by the
sheath 26 during deployment to provide a guiding function
for the cutter(s)). Stmilar open-ended passages 12¢ may be
provided 1n the shaft 12 adjacent the proximal end of the
balloon 20, as indicated 1n FIGS. 3 and 3A. These passages
12¢, 26a on opposite ends of the balloon 20 serve as the
receivers for allowing the proximal ends 24a of the wires 24
to pass 1nto the shatt 12, and also for receiving the associated
cutter 22 once drawn to a non-deployed position at the
proximal end of the expandable portion or balloon 20.
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Referring to FIGS. SA and 8, a proximal end 24a of each
wire 24 may extend from the proximal end 12a of the shaft
12 for manual grasping and pulling. Optionally, each proxi-
mal end 24a may be connected to a pull 28 associated with
and proximal to a hub 30 at the proximal end 12a of the
catheter 10, such that all wires 24 can be pulled simultane-
ously. The proximal ends 24a of the wires 24 may be
embedded 1n or otherwise captured by the material of the
pull 28, as indicated in FIG. SA.

As shown 1n FIG. 6, the shaft 12 may include a lumen 32
for each wire 24, which also extends through a lumen 30q
in the hub 30. As indicated, the guidewire 18 may pass
through both the pull 28 and hub 30 (via lumens 28a, 30aq),
which as shown 1 FIG. § may be designed to nest together
in the nominal configuration (note reduced diameter portion
3056 of hub 30 nested 1n a bore 285 of pull 28). Furthermore,
the open end of the bore 30¢ 1n the reduced diameter portion
306 may have cutouts, as shown in FIG. 3B, to prevent
relative rotation of the wires 24.

To allow for radial expansion of the balloon 20 in the
illustrated embodiment, the shaft 12 may be provided with
one or more intlation lumens 36. As shown 1 FIGS. 6 and
7, the inflation lumens 36 may communicate with an interior
compartment of the balloon 20 to introduce an inflation fluid
supplied to a proximal end, such as via a port 38. This port
38 may be connected to hub 30 and adapted for releasably
connecting to a source of pressurized fluid (e.g., an inflator
or pump for introducing saline or the like).

Proximal and distal radiopaque markers 40a, 405 may be
provided on the shait 12 adjacent the distal and proximal
passages 12¢, 26a for each of the one or more cutters 22
present, as mdicated mn FIG. 3 with the cutters recessed in
the distal receivers. These markers 40a, 406 may take the
form of bands, and indicate the position of the cutters 22 1n
the recessed or non-deployed condition. The resulting
enhanced locatability under fluoroscopy facilitates proper
positioning of the catheter 10 in the vasculature for purposes
of slicing or scoring a lesion, and allows the clinician to
understand the non-deployed positions of the cutters 22 from
outside of the vasculature. The cuftters 22 may also be
formed of a radiopaque matenal (e.g., stainless steel or a
radiopaque polymer material) so that their location along the
expandable portion 1s known during the procedure.

With reference to FIGS. 9 and 10-12, actuation of the one
or more cutters 22 1s illustrated. Once the catheter 10 1is
located at a desired treatment location 1n the vasculature,
with the assistance of a preplaced guidewire 18, the expand-
able portion, such as balloon 20, 1s expanded. This may be
achieved by supplying inflation fluid via port 38 and infla-
tion lumens 36 to the interior compartment of the balloon 20,
essentially as 1s done 1n conventional balloon angioplasty.

The pull 28 may then be moved 1n the proximal direction,
as shown 1 FIGS. 8 and 9 (note alternate position of pull
28") and indicated by action arrow A. This simultaneously
translates the connected wires 24 proximally. Consequently,
distal ends 246 of the wires 24 are moved proximally 1n
sheath 26 1n FI1G. 11, which ends should be suiliciently long
in the longitudinal direction to avoid being withdrawn from
the receiver when the cutters 22 are in the non-deployed
proximal position.

This movement of the wires 24 1n turn results in the
attached cutters 22 alighting from the corresponding pas-
sages 12¢ and travelling along the outer surface of the
balloon 20 1n the expanded condition 1n a proximal direction
(note arrow P), performing a cutting or slicing function of an
adjacent or surrounding lesion during the gumded linear
movement. As can be appreciated, the cutters 22 at all times
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are reliably guided for substantially linear movement along
the longitudinal axis X by the associated wires 24, the
proximal and distal ends 24a, 245 of which remain at least
partially captured within the proximal shait 12 and distal
sheath 26 forming a portion thereof, which thereby serve as
the receivers. This prevents the cutters 22 from moving in
the circumierential direction to any significant degree during,
the axial movement, and advantageously ensures that the
desired score line or slice 1s achieved.

Once the desired score line or slice 1s created by passing
the cutter(s) 22 through the lesion linearly, the proximal
movement may be continued until the cutter(s) enter the
proximal passages 12¢ and achieve a non-deployed position.
In this fully retracted position, the cutters 22 are shielded by
the shaft 28 and thus cannot perform a scoring or slicing
function. This 1s true even as the catheter 10 1s withdrawn
from the vasculature.

At that point, the expandable portion of the catheter 10, or
balloon, may be deflated. If repeating of the cutting 1s
desired, the cutters 22 may be advanced distally by pushing
on the pull 28 until entry ito the distal passages 26a 1is
achieved. The above-described process may then be
repeated for the same lesion as many times as desired
(perhaps with bodily rotation of the catheter 10 to create a
rotated score line during the next pass). Alternatively, the
catheter 10 may be moved to another position in the same
vessel or elsewhere 1n the vasculature for further scoring or
slicing, or withdrawn.

As an alternative mode of operation, once the catheter 10
1s positioned appropriately for treating a treatment area, the
cutter(s) 22 may be partially deployed to a location along the
expandable portion 1n an expanded condition. The proximal
end 12a of the catheter 10 may then be pulled proximally to
cause the cutter(s) 22 to pass along the lesion and create the
score or slice. The expandable portion may then be relaxed,
the cutter(s) 22 returned to the recerver(s) (passages 26a) at
the distal end, and the process may be repeated. Alterna-
tively, the cutter(s) may be drawn 1nto the proximal receivers
(passages 12¢) and the catheter withdrawn.

Referring now to FIGS. 12-19, and alternate embodiment
ol the catheter 100 1s illustrated. This catheter 100 includes
reciprocal cutters 122a, 1225 associated with a single car-
rier, which again may take the form of a wire 124. The wire
124 includes a forward length 124a and a return length 1245,
thus forming a loop 124c¢ distal of the expandable portion, or
balloon 120, at the distal end 1125 of shaft 112. The loop
124¢ 1s normally covered by the recerver, such as sheath 126,

which may include passages 126¢ for receiving the wire
lengths 124a, 1245 and lumens 132 for them and the loop

124c¢ at the distal end 1125, as indicated 1in FIG. 16. As can
be appreciated, since the full length of the distal end of the
wire 124 does not extend along the catheter 100, as 1n the
first embodiment, the sheath 126 may be much shorter 1n the
longitudinal direction, as shown in FIG. 12.

The wire lengths 124a, 124H traverse proximally along
the expandable portion and into proximal passages 112c¢
associated with the shait 112, ultimately alighting from the
proximal end 112a of the shaft 112, as indicated 1n FIG. 15
(and the shaft 112 1s shown 1n a truncated form for purposes
of 1llustration with guidewire 118 exposed). In the non-
deployed position, a first distal cutter 122a connected to wire
length 124qa 1s located within the distal receiver formed by
sheath 126, and a second, proximal cutter 1225 connected to
wire length 1245 1s located within the proximal receiver
tformed by shait 112. Radiopaque markers 140a, 1406 may
be provided adjacent to the passages 112¢, 1264, as with the
first embodiment.
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With reference to FIGS. 17, 18, and 19, actuation of the
reciprocal cutters 122a, 1225 1n opposite directions to pro-
vide concurrent scoring or slicing functionality 1s 1llustrated.
Once the catheter 110 1s located at a desired treatment
location via guidewire 118, the expandable portion, such as
balloon 120, 1s expanded, such as by supplying inflation
fluid via port 138 and inflation lumens 136 to the interior
compartment of the balloon 120, essentially as 1s done 1n
conventional balloon angioplasty.

The wire length 1244 may then be moved in the proximal
direction, as indicated by action arrow P in FIG. 18. This
translates the wire length 124a proximally, and as a result of
the loop 124c¢, translates the wire length 1245 distally (action
arrow D). This causes the attached cutters 122a, 1225 to
alight from the opening of passages 112¢, 126a and travel
along the outer surface of the balloon 120 in the expanded
condition in opposite directions, performing a cutting or
slicing function of an adjacent or surrounding lesion (essen-
tially, “flossing”). The proximal movement may be contin-
ued until the cutters 122a, 1225 enter the proximal opening
of passage 112¢ and distal opening of passage 1264, respec-
tively, to achieve a non-deployed or retracted condition, as
indicated 1 FIG. 20.

Belore or after that step, 1t 1s also possible to reverse the
position of cutters 122a, 12256 by pulling on the wire length
1245, which causes the cutter 122a to move distally and the
cutter 1225 to move proximally, which may thus again slice
or score the lesion. As with the first embodiment, the
catheter 100 may be rotated before the reciprocal movement
1s achieved, such that each forward or return pass of the
cutters 122a, 12256 creates a circumierentially spaced score
or cut in the lesion. After making one or more passes 1n a
reciprocal fashion, the catheter 100 may be moved to
another position for further scoring or slicing of a different
lesion, or withdrawn.

While the use of a single wire 124 with lengths 124a,
1246 forming a loop 124c¢ 1s described above, 1t can be
understood from FIGS. 13-16 that the arrangement may be
repeated, such that a second looped wire 124 extends along
catheter 100 for providing the same functionality using
proximal and distal cutters (not shown). The second wire
124 may operate 1n concurrently with the first wire 124, or
the two may be operated consecutively.

It can be understood that the expandable portion may take
different forms. For example, as shown in FIG. 20, the
expandable portion may comprise a frame 50, which may be
comprised of wires 52 formed of a shape memory matenal,
such as Nitinol. When expansion 1s desired, the wires 52
may be caused to assume an expanded condition (such as by
way of a temperature change 1n the case of Nitinol), and thus
provide the desired guidance for the cutter(s) 22 traversing
the catheter 10 when the corresponding wire 1s actuated.
Expandable members other than balloons 20 inflatable as a
result of the introduction of external fluid may also be used,
such as those made of materials that swell or expand when
energized.

While the processes for actively cutting or slicing a lesion
using the catheter 10 described above may be manually
completed, automation 1s possible. For example, as 1ndi-
cated 1n FI1G. 17, the proximal the wire(s) 24 may also be
associated with an actuator 60, such as for example a linear
actuator, which may be controlled by a controller 70 1n
connection with the expansion of the expandable portion
(e.g., inflation of balloon 20 by an automated intlator 80).
The same approach may also be taken with the pull 28 of the
first embodiment, or 1t could be omitted by connecting the
proximal ends of the wires 24 directly to the actuator.
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While the expandable portion 1s shown in the above
embodiments as being laterally symmetrical relative to the
catheter 10 (and shaft 12 in particular), 1t 1s also possible to
provide 1t 1n an asymmetrical or offset fashion relative to a
longitudinal axis X. Thus, as shown i FIGS. 21-23, a
turther embodiment of the catheter 200 may include an
oflset expandable portion, which i1s shown as an inflatable
balloon 220, but may also comprise a cage as shown 1n FIG.
20. A carnier, such as wire 224, may include at least one
cutter 222, which may be located 1n a distal receiver, such as
formed by a passage 226a within a distal sheath 226. A
proximal receiver 212¢ may also be provided in the shaft
212 for receiving a proximal portion of the wire 224 and the
cutter 222 at a proximal end of the expandable portion.

Thus, as can be understood from FIGS. 21 and 22, the

catheter 200 may be positioned at an area for treatment, and
the balloon 220 inflated via a lumen in shaft 212 (not shown;
note intlated condition indicated as balloon 220", indicating,
that 1t expands a greater distance 1n the radial direction along
one side of the catheter as compared to the other 1n view of
the oflset positioning). As can be appreciated, the contact
with the wall of the vessel (not shown) forces the opposite
side of the catheter 200 into proximity with the area for
treatment (e.g., lesion), at which point the cutter 222 may be
pulled proximally (arrow P) using the wire 224 (which may
extend from the proximal end of the catheter shait 212), and
alight from the distal passage 226a to score or slice the
lesion (compare distal position of cutter 222 with proximal
position of cutter 222' in FIG. 22). The cutter 222 may be
drawn along the shaft 212, and may be moved along a guide
212d tormed therein to be urged radially into a position for
engaging the lesion. Ultimately, the cutter 222 may enter the
proximal receiver, such as passage 212¢ 1n the shaft 212. The
expandable portion or balloon 220 may then be partially or
tully deflated, and the cutter 222 returned to the distal
position, and the process repeated at the same or a diflerent
location.

In any of the foregoing embodiments, the cutters 22,
122a, 1125, 222 used may be provided with a blade having
a thin, razor edge of various shapes (tlat, convex, chiseled,

single bevel, double bevel, etc.) to provide a precision cut.
The blade edges may also be serrated (single or double),
scalloped, chamiered, wavy, or take other shapes or forms,
depending on the particular use. Each cutter 22 may also be
provided with more than one cutting element or blade.

In summary, a catheter 10 for scoring or slicing a lesion
in a vessel 1s provided. An associated catheter shaft 12
includes an expandable portion, such as a balloon 20, a wire
frame 50, or the like, and a cutter 22 connected to a carrier,
such as wire 24. The cutter 22 1s movable from a non-
deployed position 1n a distal recerver (passage 26a) created
by a sheath 26 forming part of the shatt 12, along the balloon
20 when expanded, guided 1n a linear direction to provide a
scoring or slicing function, and to a proximal non-deployed
position 1n a proximal receiver (passage 12¢). In another
embodiment, a catheter 100 includes a carrier or wire 124
with two generally parallel lengths 124a, 1245 that include
a loop 124c. FEach length 124a, 1245 of the wire 124 1s
assoclated with a cutter 1224, 12254. Actuation of the wire
124 causes the wire lengths and cutters to move 1 a
reciprocal manner along the expandable portion of the
catheter 10. Still a further embodiment of the catheter 200
includes an oflset or asymmetrical expandable portion,
which urges a cutter 222 associated with a carrier or wire
224 into engagement with an adjacent lesion.
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The disclosure may be considered to relate to the follow-
ing items:

1. A catheter for scoring and/or slicing a lesion 1n a vessel,
comprising;

a catheter shait including a first receiver adjacent a distal
end of an expandable portion of the catheter shaft; and

a first carrier positioned at least partially within the first
receiver and moveable axially to deploy a first cutter along
the expandable portion for cutting and/or scoring the lesion.
The catheter or first carrier may include the first cutter,
which may be 1n the form of an upstanding blade connected
to the carrier proximal of a distal end thereof.

2. The catheter of i1tem 1, further including a first
radiopaque marker distal of the expandable portion for
marking a distal non-deployed position of the first cutter.

3. The catheter of 1tem 1 or item 2, further including a
second receiver proximal of the expandable portion for
receiving the first cutter 1 a proximal non-deployed posi-
tion.

4. The catheter of any of 1tems 1 to 3, further including a
second radiopaque marker proximal of the expandable por-
tion for marking a non-deployed proximal position of the
first cutter.

5. The catheter of any of items 1 to 4, wherein the first
carrier includes a loop distal of the expandable portion, and
a second cutter proximal to the expandable portion for
moving distally along the expandable portion when the first
cutter 1s moved to a deployed position.

6. The catheter of item 5, further including a second
receiver proximal of the expandable portion for receiving
the second cutter in a non-deployed proximal position.

7. The catheter of 1tem 1, further including a second
carrier at least partially recerved by the first receiver, the
second carrier moveable axially along the catheter shait to
deploy a second cutter attached to the second carrier along
the expandable portion for cutting or scoring the lesion.

8. The catheter of item 7, further including a second
receiver proximal of the expandable portion for receiving
the first cutter 1n a proximal non-deployed position.

9. The catheter of 1tem 7 or 8, further including a pull at
a proximal end of the catheter shaft connected to the first
carrier and the second carrier.

10. The catheter of item 1, further including a plurality of
second carriers at least partially within the first receiver,
cach of the plurality of second carriers moveable axially
along the catheter shait to deploy a second cutter attached to
cach of the second carriers along the expandable portion for
cutting or scoring the lesion.

11. The catheter of 1item 10, further including a second
receiver proximal of the expandable portion for receiving
cach of the second cufters 1 a proximal non-deployed
position.

12. The catheter of item 10 or 11, further including a pull
at a proximal end of the catheter shaft connected to the first
carrier and the plurality of second carriers.

13. The catheter of any of the preceding items, wherein
the expandable portion comprises an inflatable balloon sup-
ported by the shatt, the shait further including an inflation
lumen for supplying fluid to the inflatable balloon.

14. The catheter of any of the preceding 1tems, wherein
the expandable portion comprises an expandable frame.

14a. The catheter of any of the preceding items, wherein
the expandable portion 1s oflset from a longitudinal axis of
the catheter.

15. The catheter of any of the preceding 1tems, wherein
the first recerver comprises a sheath connected to the cath-
cter shaft for receiving a portion of the first carrier including
the first cutter.
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16. The catheter of 1item 12, wherein the catheter shaft and
sheath each include a guidewire lumen.

17. The catheter of any of the preceding items, wherein
the first carrier comprises a wire.

18. A catheter comprising;

a catheter shait having an expandable portion; and

a first carrier extending along the expandable portion, the
first carrier including a first cutter adjacent a proximal end
of the expandable portion and a second cutter adjacent to a
distal end of the expandable portion, the first carrier adapted
for moving the first cutter along the expandable portion
toward the distal end while moving the second cutter along,
the expandable portion toward the proximal end.

19. The catheter of item 18, wherein the carrier comprises
a wire having a loop.

20. The catheter of item 19, wherein the loop 1s distal of
the expandable portion.

21. The catheter of 1item 18, 19 or 20, further including a
first receiver for receiving the first cutter at a proximal end
of the expandable portion and a second receiver for receiv-
ing the second cutter at a distal end of the expandable
portion.

22. The catheter of any of 1tems 18 to 21, further including
a first radiopaque marker proximal of the expandable portion
for marking a non-deployed proximal position of the first
cutter and a second radiopaque marker distal of the expand-
able portion for making a non-deployed distal portion of the
second cutter.

22a. The catheter of any of items 21-22, wherein the
expandable portion 1s offset from a longitudinal axis of the
catheter.

The catheter of items 18 to 23 can be characterized by the
features of items 2 to 21.

23. A catheter for scoring or slicing a lesion 1n a vessel,
comprising;

a catheter shaft including a first recerver at a distal end of
an expandable portion of the catheter shaft; and

a first cutter at least partially within the first receiver and
moveable axially along the catheter shait to a deployed
position along the expandable portion for cutting or scoring,
the lesion. 24. The catheter of 1tem 23, further including a
carrier connected to the first cutter.

25. The catheter of item 24, wherein the carrier comprises
a wire having a first portion received within a second
receiver proximal of the expandable portion of the catheter
shaft and a second portion recerved within the first recerver.

26. The catheter of item 24, wherein the carrier comprises
a wire having a loop forming a first length attached to the
first cutter and a second length attached to a second cutter.

2'7. The catheter of any of items 23 to 26, wherein the
catheter shait includes a second receirver proximal of the
expandable portion for receiving the second cutter 1n a
non-deployed condition.

2'7a. A catheter for scoring or slicing a lesion 1n a vessel,
comprising:

a catheter shaft having a longitudinal axis and an oilset
expandable portion;

a first cutter; and

a carrier positioned at least partially within the first
receiver and moveable axially to deploy the first cutter along
the expandable portion for cutting or scoring the lesion.

28. A method of scoring or slicing, comprising:

providing a catheter shaft, including an expandable por-
tion and a carrier including a first cutter;

while the expandable portion i1s expanded, moving the
carrier axially along a longitudinal axis of the catheter shatt
between a first position wherein the first cutter does not
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perform a cutting and/or scoring function and a second
position wherein the first cutter performs a cutting and/or
scoring function.

29. The method of item 28, wherein the moving step
comprises pulling the carrier connected to the first cutter.

30. The method of item 28 or 29, wherein the carrier
comprises a wire, and the step of moving the carrier axially
comprises pulling a first portion of the wire proximally
while a second portion of the wire including a second cutter
1s moved distally.

3]1. The method of items 28 or item 29, wherein the
catheter includes a plurality of carriers, each including at
least one cutter, and the moving step comprises moving each
wire simultaneously.

32. The method of any of items 28 to 31, further including,
the step of moving the catheter shatt proximally with the first
cutter 1n the second position.

33. A method of scoring or slicing a lesion, comprising:

slicing or scoring the lesion by moving a plurality of

cutters 1n a reciprocal manner along an expanded portion of

a catheter.

34. The method of 1tem 33, wherein the plurality of cutters
are connected to a wire, and the step of slicing or scoring the
lesion comprises pulling a first portion of the wire proxi-
mally while a second portion of the wire including a second
cutter moves distally.

35. The method of 1tem 33 or 34, further including the
step of moving the catheter proximally with the cutters 1s a
deployed position.

Each of the following terms written 1n singular grammati-
cal form: “a”, “an”, and “the”, as used herein, means “at
least one”, or “one or more”. Use of the phrase One or more”
herein does not alter this intended meaning of “a”, “an”, or
“the”. Accordingly, the terms ““a”, “an”, and *“the”, as used
herein, may also refer to, and encompass, a plurality of the
stated entity or object, unless otherwise specifically defined
or stated herein, or the context clearly dictates otherwise.
For example, the phrases: “a unit”, “a device”, “an assem-
bly”, “a mechanism”, “a component, “an element”, and “a
step or procedure”, as used herein, may also refer to, and
encompass, a plurality of umits, a plurality of devices, a
plurality of assemblies, a plurality of mechanisms, a plural-
ity of components, a plurality of elements, and, a plurality of
steps or procedures, respectively.

Each of the following terms: “includes”, “including”,
“has”, “having”, “comprises”, and “comprising”, and, their
linguistic/grammatical variants, derivatives, or/and conju-
gates, as used herein, means “including, but not limited to”,
and 1s to be taken as specilying the stated components),
teature(s), characteristic(s), parameter(s), integer(s), or
step(s), and does not preclude addition of one or more
additional component(s), {feature(s), characteristic(s),
parameter(s), integer(s), step(s), or groups thereof. Each of
these terms 1s considered equivalent in meaning to the
phrase “consisting essentially of.” Each of the phrases
“consisting of” and “consists of, as used herein, means
“including and limited to”. The phrase “consisting essen-
tially o’ means that the stated entity or item (system, system
unit, system sub-unit device, assembly, sub-assembly,
mechanism, structure, component element or, peripheral
equipment utility, accessory, or material, method or process,
step or procedure, sub-step or sub-procedure), which 1s an
entirety or part of an exemplary embodiment of the dis-
closed invention, or/and which 1s used for implementing an
exemplary embodiment of the disclosed invention, may
include at least one additional feature or characteristic”

being a system unit system sub-unmit device, assembly,
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sub-assembly, mechanism, structure, component or element
or, peripheral equipment utility, accessory, or matenal, step
or procedure, sub-step or sub-procedure), but only 11 each
such additional feature or characteristic” does not materially
alter the basic novel and imventive characteristics or special
technical features, of the claimed item.

The term “method”, as used herein, refers to steps,
procedures, manners, means, or/and techniques, for accom-
plishing a given task including, but not limited to, those
steps, procedures, manners, means, or/and techniques, either
known to, or readily developed from known steps, proce-
dures, manners, means, or/and techniques, by practitioners
in the relevant field(s) of the disclosed invention.

Terms of approximation, such as the terms about, sub-
stantially, approximately, etc., as used herein, refers to £10%
ol the stated numerical value.

It 1s to be fully understood that certain aspects, charac-
teristics, and features, of the invention, which are, for clarity,
illustratively described and presented in the context or
format of a plurality of separate embodiments, may also be
illustratively described and presented in any suitable com-
bination or sub-combination 1n the context or format of a
single embodiment. Conversely, various aspects, character-
istics, and features, of the imnvention which are 1llustratively
described and presented 1n combination or sub-combination
in the context or format of a single embodiment may also be
illustratively described and presented in the context or
format of a plurality of separate embodiments.

Although the mnvention has been illustratively described
and presented by way of specific exemplary embodiments,
and examples thereof, 1t 1s evident that many alternatives,
modifications, or/and variations, thereof, will be apparent to
those skilled in the art. Accordingly, 1t 1s intended that all
such alternatives, modifications, or/and wvariations, {fall
within the spirit of, and are encompassed by, the broad scope
of the appended claims.

The 1invention claimed 1is:

1. A catheter for scoring or slicing a lesion 1n a vessel,
comprising;

a catheter shaft mncluding a first recerver adjacent a distal

end of an expandable portion of the catheter shaft;

a first cutter; and

a carrier supporting the first cutter, the carrier having a

portion distal of the first cutter positioned at least
partially within the first receiver and moveable axially
to deploy the first cutter along the expandable portion
in an expanded condition for scoring or slicing the
lesion;

wherein the carrier includes a loop distal of the expand-

able portion and a second cutter proximal to the
expandable portion for moving distally along the
expandable portion when the first cutter 1s moved to a
deployed position.

2. The catheter of claim 1, further including a first
radiopaque marker distal of the expandable portion for
marking a distal non-deployed position of the first cutter.

3. The catheter of claam 1, further including a second
receiver proximal of the expandable portion for receiving
the first cutter 1n a proximal non-deployed position.

4. The catheter of claim 3, further including a second
radiopaque marker proximal of the expandable portion for
marking a non-deployed proximal position of the first cutter.

5. The catheter of claim 1, further including a second
receiver proximal of the expandable portion for receiving
the second cutter in a non-deployed proximal position.

6. The catheter of claim 1, further including a plurality of
second carriers at least partially within the first receiver,
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cach of the plurality of second carriers moveable axially
along the catheter shaft to deploy a thuird cutter attached to
cach of the second carriers along the expandable portion for
cutting or scoring the lesion.

7. The catheter of claim 6, further including a second
receiver proximal of the expandable portion for receiving
cach of the third cutters 1n a proximal non-deployed posi-
tion.

8. The catheter of claim 7, further including a pull at a
proximal end of the catheter shaft connected to the first
carrier and the plurality of second carriers.

9. The catheter of claim 1, wherein the expandable portion
comprises an intlatable balloon supported by the shaft, the
shaft further including an inflation lumen for supplying tluid
to the intlatable balloon.

10. The catheter of claim 1, wherein the first cutter
comprises an upstanding blade connected to the carrier.

11. The catheter of claim 1, wherein the expandable
portion 1s oflset from a longitudinal axis of the catheter.

12. The catheter of claim 1, wherein the first receiver
comprises a sheath connected to the catheter shaft for
receiving a portion of the first carrier including the first
cutter.

13. The catheter of claim 12, wherein the catheter shaft
and sheath each include a guidewire lumen.

14. The catheter of claim 1, wherein the first carrier
comprises a wire.

15. A catheter comprising:

a catheter shaft having an expandable portion; and

a {irst carrier extending along the expandable portion, the
first carrier including a first cutter adjacent a proximal
end of the expandable portion and a second cutter
adjacent to a distal end of the expandable portion, the
first carrier adapted for moving the first cutter along the
expandable portion toward the distal end while moving
the second cutter along the expandable portion toward
the proximal end.

16. The catheter of claim 15, wherein the first carrier

comprises a wire having a loop.

17. The catheter of claim 16, wherein the loop 1s distal of
the expandable portion.

18. The catheter of claim 17, further including a first
radiopaque marker proximal of the expandable portion for
marking a non-deployed proximal position of the first cutter
and a second radiopaque marker distal of the expandable
portion for making a non-deployed distal portion of the
second cutter.

19. The catheter of claim 17, wheremn the expandable
portion 1s oflset from a longitudinal axis of the catheter.

20. The catheter of claim 15, further including a first
receiver for recerving the first cutter at a proximal end of the
expandable portion and a second receiver for receiving the
second cutter at a distal end of the expandable portion.

21. A catheter for scoring or slicing a lesion 1n a vessel,
comprising:

a catheter shait including a first receiver at a distal end of

an expandable portion of the catheter shatt;

a first blade at least partially within the first receiver 1n a
non-deployed position and moveable axially along the
expandable portion of the catheter shait to a deployed
position for scoring or slicing the lesion; and

a carrier connected to the first blade, wherein the carrier

comprises a wire having a loop forming a first length
attached to the first blade and a second length attached
to a second blade.
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22. The catheter of claim 21, wherein the catheter shaft
includes a second receiver proximal of the expandable
portion for receiving the second cutter in a non-deployed
condition.

16
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